UNCLASSIFIED

AD NUMBER

AD396368

CLASSIFICATION CHANGES

TO: unclassified

FROM: restricted
LIMITATION CHANGES

TO:

Approved for public release, distribution
unlimited

FROM:

Distribution authorized to U.S. Gov't.
agencies only; Foreign Government
Information; 05 OCT 1965. Other requests
shall be referred to British Embassy, 3100
Massachusetts Avenue, NW, Washington, DC
20008.

AUTHORITY

DSTL, AVIA 18/2114, 5 Dec 2008; DSTL, AVIA
18/2114, 5 Dec 2008

THIS PAGE IS UNCLASSIFIED




s e ARG T o S R,

NOTICE: When govermment or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any way
supplied the said drawings, specifications, or other
data is not to be regarded by implication or other-
vise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.

NOTICE:
THIS DOCUMENT CONTAINS INFORMATION
AFFECTING THE NATIONAL DEFENSE OF
THE UNITED STATES WITHIN THE MEAN-
ING OF THE ESPIONAGE LAWS, TITLE 18,
U.S.C., SECTIONS 793 and 794. THE
TRANSMISSION OR THE REVELATION OF
ITS CONTENTS IN ANY MANNER TO AN
UNAUTHORIZED PERSON IS PROHIEITED
BY LAW.




:
SRS —
. . ‘) L3

chae us. cpunosu*m(l..proonab HANDLING AUTH - C'
- o R o Report Fo. )
GRADING AALE/Tech/312/Nav.

Ve
»

>
»*
£

MINISTRY OF AVIATION

Report No. AAFE/Tech/312

/2 3 24 3¢ ¥

AEROPLANE AND ARMAMENT
EXPERIMENTAL ESTABLISHMENT

BOSCOMBE DOWN

g

.

Fa

EVALUATION OF SPERRY GM7 COMPASS SYSTEM IN THE DIRECTIONAL

GYROSCOPE MODE. /“c ]

BY

§
41 ]

Frey.

SW. LDR. D.A. STONEHOUSE
NAVIGATICK AND RADIO DIVISIOW

1 TS BSFORMAT 2N 15 L r1CIAL USE
BY THE DECIPIENT GOVLL. T <. 10 ANTY
Q7YY CONVIAIAENT M 0 T . TN ORIN
AN'Y CTIUTROWAY WO T R 11
. CCLUITION.
2. THZ INMFORMATION SHCWULD £o 7. "HIARDED UNDER
RULIS COIGMID TO G 1-3 8400 ¢, 2atD CF
SECIRITY /A5 THAT LAY ™ D EYV . I{AJESTY'S
GOVERNMENL T IN 7717 UNITED KM 70,
3. U IMECOMATION o200 T L THIS DOCUMENT
SHC IOt T LE CIMTTULATID CU i7" COVERNMENT
BDEFATHEY TS WATUYT THE PRIGR PERMISSION OF THY
MINISTRY OF AYIATION.
4, THE RTOUT 1S WARMED THAT INFORMATION
CONTAIMED IMN THIS DOCUMENT MAY BE SUBJECT T®
PRIVATELY - ®WNMED RIGHTS.

MINISTRY OF AVIATION

U.8. CONFIDENTIAL-MODIFIED HANDLING AUTH
U.K. RESTRICTED /

EXCLUDED FROM AUTOMATIC REGRADING
DOD DIR 5200.10 DOES NOT APPLY

AASE Porm |,




-
&

<\

" i & seleEe Refs AR 25/030

MOOQJ’.,Q H.’-’,o Ref: 43/568/@
Period of Trials: March 1965 - Fay 1965. @

The trials_ghowed that fhe long term heading stability of the sys was
better than 0.3 ey that the short term stebility was better than O.
and that normal airoraft euvres had little effect on the systea's
pertormance. They also revpaled that certain precautions were necessary to,
obtain optimum results from the system. N
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1. Introdustion WODIFIED HANDLING AUTHORIZED

.8 & part of the Phase 3 modificution of Shackleton airoraft the GLB
compass wes replsced by a dual Sperry Gii7 installation. Beceuse these compesses
include high precision directional gyroscopes, the possibility arose of |,
conducting operations with the gjyroscopes unslaved and operating in the direo-
tional gyroscope (DG) mods. ..n evaluation of tha systen's performance in the
DG mode was authorised by Mav.1(b) (Headguarters letter ..5/568/05 dated 23rd
Iebruary 1965 refers.) The aims of the trial were:=-

(a) To determine the gyroscope' s drift rate when operating in the
DG mode )

(b) to determine the accuracy of the gyroscope's performance in turns
end menoeuvres, and

(c) to assess the performance of the gyroscope's bank cut-out mechanism,

The equipment was installed in Comet 4C XS 235 in time for e first flight
on 15th liarch 1965. The early stages of the trial were carried out in conjuno-
tion with other equipment trials, and it was not until 5th ipril, 1965 that a
flight was executed solely for the Gii7 trial. Seven sorties were then necessary
to complete the data acquisition phease of the trial, with the final flight
taking place on 4th lay, 1965. The equipment wes removed from the aircraft on
25th ¥Fay, 1565.

2. Desoription of Sperry Gi:] Compass System (m Componenta!

The DG portion of the Sperry Gi'7 compess system consists of a CL11
directional zyroscope, & Horison Gyro Unit ik. 3 (HeGoUo), & compass master
unit, a latitude controller, power supp:y units, amplifiers and synchro
repeeaters.

The CL11 is a preoisionogyroaoope which is mounted in e roll ring with a
noninal roll freedom of 4+ 82 . The outer roll ring is stebilised in this
installation by an externsal horigzon refarence, the HeGeUs The inner gymbal
is maintained horisontal by a motor controlled by a liquid levelling switch.
virectional torque motors are incorporated on the gyro unit for the application
of earth rate corrections. If the system is operated in the slaved (}.G) mode,
the alavigg signals ars cut out by & micro-switoh whenever the bank angle
exceeds 6 . .

The HeGeUe is mainteined vertical by a pair of liquid levelling switches,
ono fore and aft and the other athwartships. The fore and aft switch is
slightly offset to compenscte for pendulosity offect csused by the eiroraft!
tendency to 'toe-in' during turns. In turns where the bank angle exceeds 10
the ereotion mechanism is disconnected and the H.G.U. is free running.

The oompess master unit receives heading informat-on from the CL11 gyro-
scope by means of a synchro receiver equinped with a rotatable stator.
Rotation of this stator is accomplished by means of a knob labelled O-X on the
feoe of the instrument. This allows the compass to be synchronised when
oporoting in the slaved mode, or sllows any desirad headinis to be set when
operating in the DG mode.

The latituds oontroller applies power to the electro-magnets of the torque
motors in the CL11 to counteract the apparent drift caused by earth rotation.
The amount of precession is controlled ’byon potensiomater in the unit which 1is
calibrated in degrees of latitude from 90°S to 98 N¥o Compensation is thus
provided for drift rates verying between i 15,04 /hour. ..lso inoorporated in
the latitude controlier is & switching facility for selection of the magneti-
cally slaved mode when this is included in the installetion.

The CL11 gyro is maintained horisontal in the roll plane by signals
derived from the H.G.U. These signals are obteinsd from a comparison of the
output of the roll potentiomoter incorporated in the H.G.U. with that of a
seocond potentiometer geared to the roll ring of the CL11 gyro. This signal
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excites & servo-motor which drives the ryro package back to the horisontal.
However, should a failure in the system allow a difference of greater than 5
to exist for more than Fth of a second, a reloy functions which disengeges the
roll stabilisation mechenism and locks the roll ring gear in the central
position.

]

In DG operation the heeding information irom the CL.11 gyro is transmitted
to the receiving synchro in the master unit snd there modified by any off-set
in the stators plus eny variation set on the V.%.C, It is then transmitted
by more synchros to equipments which require aircrcft heading. The heading
trensuitted to all ancillary equipment will therefore agree with the master
indicator reading but will differ from the gyro output by & coubination of the
two off-sets plus eny transmission error.

3. Iriwsls ..ethod
o echieve the aims of the trial, measuremsnts were required of:-

(a) The gyroscope's drift rete on the . round both with and without
latitude compensatione

(b) The gyroscope's drift rate in unmanoeuvred flight with the correct
value of latitude compensation.

(o) The gzyroscope's loss of datum in normsl eircraft manoeuvres,
(d) The gyroscope's loss of datum in a typical tactical manoeuvre.
(e) The angle =%t which the bank cut-out mechanism actuclly functions.

(f) "he amount of time during which the bank cut-out operates while
the aircraft is not manoceuvring.

(g) The deterioration of heading informetion between the gyroscope
end & typical repeater unit.

3.1. CGround Drift leasurements

wWhen correctly set up, the gyro's ajparent drift rate is a combine-
tion of the actual gyro drift and errors in cuorth rate compensation. The
gyro's basic rate is directly measurable with the latitude control set to 0
but because of random variations in gyro drift, the latitude compensation
errors &re less reedily dctarmined. However, assuming the latitude comwensator
errors are repeatable, a very close approximation to their magnituds could bve
obtained by first determining the &verege drift rate of the gyro and then
comparing this ratc with drift rates measured when virious veluss of latitude
compensition sre inserteds By repeating this exercise on different days and .
suotructing the average drift rates end the known value of earth rate at the
trials location froi the results obtained, the performence of the latitude
couwacnsater was determinede « calibration curve showing the performance of
the latitude compensator compared to earth rate for the controller and gyro
coubinetion wes made and is at Figure 1.

For this portion of the triel the only ingtrumentation required was a
compess repcater capable of being read to 0.01". Such a repester, the Smith's
avigator's Compess Repcater Type B (I'CR), was used in the installation.

3.2, wunirborme Lrift ileasurements

In flight measurement of o drift rates required a hsading datum
with an ecourccy of the ordor of 0.1°. No simple method of achieving this
on & 'one-shot' besis wes available. However, the trials aircraft possessed
2 modified .27/..VI'1 astro-tracker whose average acourscy was of that order.
By meking o series of simultaneous recordings of both the zyro reading and the
astro-trocker heading over a period of about two rinutes an accuracy of this
order wes obtained by aversging the diffcrences. For opSimum astro-tracker
performance the sun's altitude should have been below 30, but in order to
allow sorties nf a more revresentetive length, higher altltudes were accepted

/and pertially...
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and pertially compenscted for, by using more readings. ‘

3¢3+ Latun Loss in iformal rienosuvres

ieesuremgnts of the datua loss in manoeuvres were accomplished in
the same manner as for airborne drift measurements, but it vas not possible to
separate, by direct mezsurement, datum losses occasioned by thc menocuvre from
those occasioned by nornal short term gyro drift betwvean observations. To
provide some measursz of lilkely error in turns apgroximstely 40 ogaervationa
{20 each port and strrbcard) of datum loss in 90, 180°, snd 360" turns were
mede, and ocompared statistically with the likely veslue of short term gyro drift.
In eddition e limited numbep of measurements of dctum loss were obtained after
turns of long durction (720" ) when tha precession of the free-running H.G.U.
would heve ellowed & felse vertical to be establishode.

3ele Lotum Loss in Tactical kanosuvres

- is a representstion of the datum loss likely to be encountered on a
typical tectical manoesuvre, mezsurements wera made of the error occurring efter

e fifteen minuts menoeuvre (Figure 2). This menoeuvre oongisted of a 90 turn,

a straighf and level run of aporoximately 25 miles, & 360 turn at rate ons

and a 270" turn at reto two and finelly & straight and level run of approximately
five miles. Because the trials ciroraft operctes at approximetely twice the
sveed of ths Shackleton, rate gne turns were simulated by turns at 90 /min. and
rate two turns by turns at 180 /Hin. in order to aporoximate the 'g' loading
occasioned on the compass by the slower aircrafie. -.8 o result the triels
aircraft was involved in turning for a longer period theon would be the case

with the Shackleton and the loss of detum would be expsoted to be slightly
greater.

3.5« Bank ingle i‘easurements
To measure the angls of bank &t which the bank cut-out mechanism

_actuéily functioned, a simultancous record of benk angle and the operation of

the cut-out switch was required. This record was provided by instrumenting
the H.C.U. potentiometer to give a .singlo outnut of the untire ranze oftenk
angle. This was obtaincd with only minimal effects on the potentiometer o
voltage, whereas the provision of #n additionsl ocutput to show the first 10
to a higher order of prucision degraded the roll stocbilisetion function, end
wes therefore removed. 'The benk angle record, togethsr with a record of the
operation of the bank cut~out micro-switch ware presented side by side on a
CeI.De trecee. :

3.Co  Bank Cut-out Time ieasuwrements
4n indication of the proportion of time during which the bank cut-
out switch was operating during nominally streight and level flight was avail-
able on the trece recordings described in peree 3.5,

3¢7« iransmission Errors

To obtain & value for the heading transmiassion errors of the system,
a simultaneous record of the gyro's heeding and the heading oresented by a
typioul repeeter wss madce :iny chenze in the differance between these readings
with hesding was & measure of the trensmission system crrora. Becayse the
gyro heading oould not be determined to a greater accuracy than 0.1 without
considersble elteration to the system, the gyro heading was recorded at the
sume frequency 2s tho astro-tracker data and at least 10 readings were averaged
on every hoading to obtein a more accurate representeation of transmission
errorse.

soblo Trials Plen
The complete trizls plan, thus, consisted of four phases:-
(a) ipproximetcly 25 hours of ground running to calibrate the

latitudc compensotor and to determine the gyro's drift rate under
static conditions. /(b)
(KR}
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(b) .ipproximately 15 hours of straight and level flight to
determine the gyro's airborne arift reate.

(o) .pproximetely 20 hours flying to determine the likely loss
of heading datum in turns of various magnitudes, and

(a) .pproximately 10 hours flyinz to determine the likely loss
of heeding datum in a typical tacticazl manoeuvre.

4s Instrumentation and Instzlistion

Because the rasguler aircraft suto-observer positions were not available
at the time of the triel, it was necessary ta mount the entire GM7 installation
on & palette fixed to the sezt rails at the resr of the aircraeft.e This
palette also contained facilities for two photogrephic auto-observers, one for
the ¥.CeRe and one for the CL11 itself, and for the C.I.D. trace recorders, .1l
three recording devices wore connected with tha aireraft's recording control
unit vhich provided timing pulses synchronised with those of the astro-tracker
anl thus enabled simultaneous observetions of true and gyro hesdings to be made.
Because of thu difficulties with the C.I.l. recorder described in parz. 3.5,
this ejuipisent was unavailable until the last six flights, but, since these
flights were the only ones for -hich bank recordings wsre particularly required,
no significaent loss of deta resulted. The complzte ingtallation on the rear
palette thus consisted of:-

(a) i roll stabilised CL11 gyro.

(b) /n Horizon Gyro Unit Mk. 3.

(c) & compass mester indicator.

(d) & Nevigator's Compass Repeater, type Be ' .
(e) i latitude controller.

(£) i power supply unit.

(g) i servo-amplifier.

(h) Two camcra auto-observers.
(3) 4 CeleDe trece recorder, &nd

(k) Switches and controls.

5. Trials Expsrisnoce

411 the equipment except the C.I.D. recordecr was installed in Comet 4C
X8 235 on the 15th iiarch, 1965 end preliminary ground runs and airborne
functional checks commenced imuediately. Luring ground running the basic
drift rate of the gyro was established, and 2 celibration graph (Figure 1)
prepared for the latitude controller. The aircreft was fully committed to
other tricls during the month of March, but cdventage wes taken of a number of
sortics flown for thesae trinls to collect date on airborne drift rates. .ifter
the complction of the other trials, seven sorties totelling 33 hours 20 minutes
were required to complete the date acquisition phase of the GM7 trial. The
last sortie was flown on L4th iiay, 1965, and aftor analysis of the date collected
on this flitht had shown that no further sorties were required, the equipment
was withdrawn from the aircraft on 25th ¥ay, 1965. Flight expericnce is
sumnariszd in Teble 1. "

/Te.ble Teoe
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Date Time Tlying Time Date lcquired

15 igr 1120 4:05 o detu, - System check-out
' 19 Har 1240 4:00 Drift moasurements:

24 Har | 1010 5:35 Drifts and 180° turns

26 ier | 1300 3:50 Drifts and 180° turns

29 Lar 1520 1:50 Drift meesurcments

30 Mer | 1450 2:45 Drifts and 180° turns

3% ilar | 1430 3:40 Drifts and 180° turns

Total fl&ing in

conjunction with 25:45 | Equivelant of 3 sorties

other trials

5 .pr 1 1505 4:15 Drift moasurcments

7 .pr | 1330 4:30 99° turns

12 .pr | 145 5:10 180° turns

13 _pr 1130 L:40 560° turns

28 .pr | 1245 4245 350° and 720° turns

30 ..pr 1125 5:15 Tacticel manosuvres

4 iy 1215 I Tuctical manoeuvres

::;ﬁyffl'g:ngm 33:20 7 sorties
* Grand Total 59:05 Represants total flying experienqe
y ' Table 1 - ¥light Eistory of Gi7 Trial

6. Unserviceebilitics

. No unserviceabilities were experienced with the Gi7 components during the
trials, but a feilure of the trials aircraft's power supply which had a
sevsre effsct on the system's performence occurred on the 13th Lpril flight,
and wns subsequently ropested on the ground prior to the 28th ipril flight.
During flight tho symptoms of this power failure were a large precession (80°)
of the CL11 and a toppling of the H.G.U. during a 360  turn. Tho ceuse of the
occurrence was tracel to greasy dirt on the fuse guarding one phase of the
‘installetion's three phase power supplye. This ~llowmecd the voltage on this
phese to drop sharply and so reduced the rig%dity of the HeG.U, that a large
bank error was allowed to acoumulete once 10  of bank was excoedcd and the
H.G.U. wes operating es & free gyros The result was that the CL11 wes not .
horisontel during the turn, end 2 large couplins error was introduced. The
effect of this feilure on the trials' results was negligible since the test
data for this menoeuvre was only one of 2 large number of sampless Howaver,.
there is nothing to prevent a similer occurrence with an operational esircraft's
power supnly and such a large datum loss could be very disturbing undcr
operation.l conditions.

7. Results =nd ..nalysis

The results of the trial ere considered under four main headings:-

o (a) Ground measurements, - covering long end short term gyroscope
; precession rates, and the calibration of the Letitude Controller.

¢
i

(b) iirborne Drift Rates, - covering long and short term gyroscope
precession rates in flight.

5 (¢) Performance in Turns, - covering the behavicur of the GH7 in
i turns of various megnitudes, and
/(Q)eee
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(d8) ‘erformarce in manoeuvres, = covering the perfo. mance of the
(+7 in & simul..te Laceieul manosuvre,

7.1e Groun’ casuremeunts

. totadl of 25 hours of giound ru rdn  tine was 1evoted to
determingction o1 the gyroscose's irecessiva roi.., o calibraticn of the
la.ibule convretlicr, an o coufirming that calibr:vion. The gyro's
precessi n rote was deseralned for bLoti, slort term :riods of 20 wins. and
for long term periods of an h ur or mors. To elimiua’e latituwde controiler
errors, L.ese r.oasurecents were taien witl. w.e lavitu. vontrouler set to O
an’ toe imovn value of ecrun vabte was suwoirecied. from the measursd 4 irft,

e results of these measuremests are .abulater in_ able 2 ant show 2 10 value
ox iung awd s!ort vern Sxdft or 0413 /hr. a2d 0.24 /ar. resuecuively.

PSS FE U ST [——

Date | rift| Ore um‘;ﬂz; Time 4’{%— 5 Short “ema Rates?|"o. of Obs (i)
19 tiar | 0.3010.08 1.4 0.C77 Dol 6
Z. vier] 0442{0.01  1.25 0.011 0,111 6
75 war| 0.1000.010  1.25 | 0.008 0.553 6
29 Fer| 0.1510,017  1.25 0.0%4, 0.290 6
50 “ar| 0.08}0.006] 1.2 0.009 0.45%, 6
31 Jar| 0.03(0.001, 1.33 0.001 0,288 7

5 dpr| 0.1110.012; 1.25 0.010 0.174 i 6

H B - — e L
Totals 5,75 0125 2.5 43
2 [ .2
dx\n L 0.12

1 o Long Term _ n = =B = 7957 = O.15°/hr.
Drift T In-1

10 Short Term } 2(57Dr 2 /nggg o
Drift = NN~ 1 =N 42 = 0.2; /ur.

Table 2. Gi7 Drif+t Rates with No Latitude Compensation

Lesults of +the latituie controlier calibration jndjcated that AGON was
the correct controller setting for Boscombe Down (51 10 N) and to confirm
this finding, a number of drift runs were carried out with this value set
on the latitude controller. These runs are tabulatgd in Table 3 8nd show a
1 o value of long and short term gyro drift of 0,19 /hr. and 0.40 /hr.
respectively, This result confirmed the repectability ofothe latitude
cogpensation and, conirasted to the .verage drift of 1.z4 /tr. obtained with
51" set on the controller, confirmec both the accuracy of, and necessity for
latitude controller culibration. Other results of the latitude controller
calibration are plotted in Figure 1 and tabulated in Teble 4.

/Table 3...
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2 n= Dr I Short lerm _

Date Drift‘ Dr Running Time - Retes No. of Obs = N
17 Mer 0.16 0,026 2.00 0.013 1,613 11

19 Mer 0,22 0,048 1.50 0.032 0.762 8

7 4:pr 0.07 0.005 0083 0.0% 0.351 l‘-

12 f13% o “] *] 0.8} 0 0.682 4
28 .pr  0.13 0.017 1.17 0,015 0.270 6
30 «pr 0038 Q. 1[’.1‘. 1.17 00123 1.[0.61‘. 6

L lizy 0,75 06273 2.17 0.126 2.768 12
Totals 9.67 0,315 7.910 51
X 0. 31
10 Long Term Drift = \1?5572 = 0.19°/hr.
19 Short Term Drift = «‘1’ -15%1-9 = 0.40%hr.

Table 3. G177 Drift Rates iith 46°N on Latitude Controller

N.Late | Earth Rate %/hr. | Letitude Con. Rate °/hr. | Error %/hr.
0° 0 0 0
10° 2.61 2.7 +0.10
20° 5.1 5.59 20445
30° 7.52 8433 +0.81
40° 9.67 10459 +0.92
50° 11,52 12.55 +1.03
60° 13,02 13,81 +0.79
70° Uolly We77 40463
80° 1,485 15,10 +0.25
90° 15,04 15,11 40407
{able 4e Latitude Controller Compensetion

Te2+ .drborne Drift Rates

that og

12 ipr.
for 90  and 180

sirborne Drift Rates were computed for all sorties, up to and including
: These include the sorties flown
turns as well ~s those flown expressly for drift mezsurements.

8

a totel 28 hours flying time.

The sortie of 13 ..pr. is not included because of the malfunction already
mentioned, and those for subsequsnt flights show mezsurable losses of dat

the _more demanding menoeuvres.

180" turns were performed are included for comparison purposes and as an

in
The sorties in which regular series of 90 end

indication of e=ny performance deterioration likely in 2 long series of normal
airoraft manoeuvres. ..8 with the ground measurements, two drift rates were
commuted, e long term rcte besed on the total drift per sortie and weighted

in proportion to the sortic length, and a short term rate besed on drift
measurements over periods cveraging 20 mindtes in lengthe The results of these
computations are tgbulated in Tagle 5 and show & 10 value of long and short
term drift of O.24 /hr. and 0.52 /hr. respectively.

/In theeeo
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In the 14.85 hours devoted. exclusively to drift measurements, the
corresponding velues of long and short term drift are 0.21 /hr. and 0.51 /hr.
+hen allowance is made for the likely orror of the airBorne test datum, these
figu.ges are in close cgreement with the values of 0.19 /hr. long term and
0.40 /hr. short term found in the ground mecsurements, and indicate that
ground znd air drift retes are not significantly differsnt.

Ior the flights in which a series of turns wereoperformed, th
corresponding values of long und short term drift are 0.28 /hr. and 0s54 /hre
+hile these figurcs sescm to reveal a slight deterioration of performance in & *
series of turns, statisticel significance tests applied to these results show
that the differences betwsen these values are wall within the likely chance
vorietion of smnll sam:lss. Jt is thus unlikely that any reel difference in
verformence exists, and therefors, the two sets of results gan be groupsd
together to yield the overell estimates of gyro drift, 0.24 /hr. long term,
and 0.52 /hr. short term quoted above.

2
2 n= Dr_ |Z Short Torm

Dete | Drift| Dr | po B ] Ratesg No. of Obs = N
2L Var | 03 0,02 Le12 0.022 2.99
26 dar 0.3 0.09 3.15 00029 0075
29 Mar | 0.4 | 0016 0.98 0.163 0.53

5.pr| 0.7 | 0.49 3432 0447 2.36 8
Sub-totals 14,..85 0.607 943 37
30 Yar 0.7 0020-9 2-05 0.239 0.96 5
31 Nar ! 0.1 0,01 2.98 0.003 1.90

7 J.'.Pr 1.5 2025 l;.02 0.561 ll»._’)9 1
12 4pr i 0.8 0.64 407 0.157 1.99 9
Lub-tot]e.ls 13.12 0.960 9.2 32
Totuls 2797 1.567 18.67 69

1 Olong teram rates = 0.21%nr.

drift flights

n

turn flights

g = O 28°/hr.

AT244 ;
- overall = 1. 6 = 00210-0/}11‘. . -
N2y ,
!
1 o shorttorm rates - drift flights = [4 = 0,51% hr. v
- turn flights = ’fg__z_zt = 0.54%/nr. |
- overell - s - 0.52°/hr.
N

\

Teble 5. .irborne Drift Rates

7+3. Performance in Turns

Tl?eobehzwiouroof‘ the G¥7 in turns was irvestigated during turns of
90", 1807, 3607, and 720 . Statistical samples were taken of the datum loss

/experionced...
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experienced on the throe smaller turns, and a limited sample, (six observations)
was token of the loss on the 720  turns (eight minutes of continous tusn).
Results of thesc observeotions areotabulated ip Tuble 6 and show for 90 turns
a 10 vglue of datum,loss of 0.15"/port, 0.4 /starbogrd, and 0.15" overgll;
for 180" turns, Q.17 /port, 0.15 stagboard, and 0.16" overall; for 350 turns,
0.13?/port, 0.18"/starboard, and 0.18" overall; and for the limited number of
720" turns 0.45 overall., These results show no significant varietion with
either direction or magnitude for the threc smeller turns and, indeed, when
corrected for the likely value of short term drift between observations, show

a complete compnatibility with the assumption that no datum loss whatsoever
occurred during the turns and that the 1o value of the error In the test
detums was Oe1 e This assumption is in agreement with the results of paragraph
7.2. ond when considered in conjunction with thé chance variation of smell
semples, could fully account for the difference observed between ground and air
drif't meesurewents. In the turns of 7207, however, a significant increase in
datum loss did occur. This was to be gxpected since the H.G.U. gyro runs
unmonitored when bank engle exceeds 10 . /s a result, the levelling signels to
the directionzl gyro are in error by the amount of free drift which accumulates
on the HeGeUes during turns. “'hen the turns are of less than foup minutes
duration, ;P 1275 specifies that this drift shell be less than 4 ; for turns
of greater duration, however, the emount of error presant ocan increase propor-
tionately end result in measurable amounts of cross coupling between gyro axos.

Turn® Z Datum Los’a2 ¥oe of Obse & g::?;o o° Corr. for DR.
909 0eli5 1. 20 0445 | .05 - 0. 14
90s 0.38 20 Outl | 05 0.13

A1 90° 0.83 40 0.15 | +05 | 0.14
180P 0.82 28 0s17 | 07 0.15
i8os |~ o062 28 015 | 407 0,13

111 180° 1ol 56 0,16 | .07 0.44
360P 0.57 19 - 0.47 .09 0.1k
3605 0.59 i9 1 0s18 | 09 | 0.15

111 360° 1.16 38 0.18 | .09 0.15

s11 720° 1.02 6 0.5 | .12 0e4s3

Table 6. Performance in Turns
Te4s Performange in ilanoeuvres

Observations of the datum loss in the manosuvre described in para.
- 3o4e and sketched in FigureOZ are tabulated in Table 7« Thesc show ¢ 10 o
velue of datum loss of 0.61 when the main tu werg made to starboard, 0.52
when the main turns were made to port, and 0.56 overall. Significance tests
on the differencec between the port and 3tarboard readings reveal that a
difference between these velues of Owili could well arise by chance, and that
there is no reason to suppose that the Gi.7 behaves differently in port or
starboerd manceuvrgs. If the findings of pares. 7.3. and 7+.2., 8 10 short
term drift of 0.52 /hr., gnd no loss of dantum in 90° turns, are_accepted, the
datun loss during the 360" turn at rate ome :ollowed by the 270° turn at rate

two exhibits a 10 value of «f:51-'°2 = 0.5L°. This velus is not stetistically
inconsistent with the velue found for the 720° rate one turns in varse Te3e

and tenus to confirm tho deterioration of G 7 parformance in turns lasting more
than four minutes.

/Da Qoo
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Date Datum Logpﬁ No. of Obse g"_’
30 ipr 5.18 15 0.61
L liay 3.56 14 0.52
Overall 8o 7 29 0.56

Table 7o Performance in Hanoouvres.

7¢5. Other Trials Results

Three other tricls paremetsors remain to be considered; the bank
angle at which the slaving cut-out switch operatss, the amount of time during
which this cut-out is in operation in straight and level flight, and the
transmission error of the system.

(2) Bank :ingle

Beceuss of difficulties with the instrumentotion discussed
in para. 3.5., it proved impossible to mezsure this porameter
exactly. However, a rough m:asure of the operation of this switch
in approximately 150 turns and manoeuvres :as made. Fach trace
recording of a turn or manoeuvre wes examined and no instancg of
the switch operating et an angle measurably different from €6 was
detected. ‘lhere is, therefore, no reason to supjose that this
switch functions otherwise than as intended.

(b) Cut—out Operation Other Than During Hanoeuvres

During 27 hours of flying, 42 instances totalling 217 seconds
of the bank cut-out switch operating during straight and level .
flight were detected. hese include instonces arising from
turbulence, and inctances caused by the pilot making minor
alterstions to the flight controls. The occurrences ranged in
duration from 2 to 17 seconds with an average velue of 5.2 scoonds.
The oweration or this switch would, therefore, have & negligible
effect on the GI7's performance in the magnetic mode unlaess
conditions of severe 2ind continuous turbulence were cencountecred,
when the system would behave as if DG hed been sslected. It is
stressed, however, that these obscrvations wore obtcined in a
Comet Tlying at high level, and rzther more time in DG mode can
be exvccted in 3hackleton flying.

(¢) Tronsmission Errors

Transmission errors, determined as described in para. 3.7., =
were measurcd for various combinations of CL11 hoading and repegter
reading. These revealed & 1 o deterioration of heading of 0,15
between the gyro and the NCR output. The investigation revealed 4
that, within the precision of the messurem:nts, the error was :
approximately repsatable for any one heading provided that no
adjustment wis made to the rotatable stators in the gyro master
unit, but that when eny such adjusimsnt was made, a new set of
errors was introduced. Since manipulation of thesec stators is
required every time the compass is synchronised in the magnetis
mode, or reset in the DG mode, calibration of transmission
errors is not practicel in the Gii7 systeme For trials purposes,
it was possible to remove thcse errors when computing drift
rates end datum losses by the use of different corrections for
every flight, but in squadron service, heading errors of this
megnitude caused by the transmission systein must be expected.
_Because this type of error is independent of time it will heve
almost no effect on long tem drifts, but will tond, to inorease
the short term drifts when turns ars involved. Though a
reduction of this zrror by the use of multi-speed synchros in
the transmission system is possiblo, the op:rationsl advantage
to bs zained from the small increase in accuracy would not
appear %o justify the resultant increase in system complexity.

/8+  Comolusiong.e.
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8. Gonclusions

‘The results of the trinl show thet the G*7 is a hish performance compass
system, capable of greet piecision in the D& modee <hey also reveel the
necassity for calibration of the Latitude Controller in order to obtain full
edvantuge from the perforimence ‘.vaile.ble. If this is done, the Gii7's long
term drift should be less then C.3 /hr., cnd its short term drift should not
excead 0.6°/hr. (10). Neither the long term drift nor the short term drift
are affected to any ap reciable extent by normel fli~ht or by turns of under
4 minutes duration. sot only do such turns produce no dstectable loss of
heading detum, but, in addition, long series of such turns heve no significent
effect on the gyro's long term drift rate.

The only major weekness of the system detected during the trials was its
susceptibility to cross coupling errors whenever the horigon inputs from
the [i.#.U. were seriously in error. Errors from this source would not occ
in normal flight, but only during periods of prolonged bank in excess of 107,
or in the event of a power failure such es that described in nerss 6. In the
former case, the amount of. error introduced is small but increases with the
duration of the turn. Trinls erperience has shown that an srror of about 0.5
will be accumulated in a continuous turn of 8 minutes duration. Jiny inter-
ruption of the turn would, of course, reduce the error because of the re-ereotion
function of the elsctrolytic levels in’ the HoG.Us, end, 28 e rasult, large
errors from this source are unlikely to arise in operational \,onditlms. The
effect of pertizl power feilures can, however, be much more sericus. Such
failures cen reduce the rigidity of the vertical gyro to such an extent that
the bank angle input to -the "L11 is grossly in error. /fter o turn involving
this typze of failure, heading errors of tens of dcgrees can be experienced.
. total power failure to the H.G.U., on the other hand is less likely to cause
large errors since, in this case, the comparator circuit described in para. 2
would immeciately disengage the roll stabilisation mechanism. . further
orobleir with the partial failure case is the difficulty in detecting such a
malfunction during a turn, since the pilot would not expect the il.G.U. to be
level in zny event,” end the fact that it wes indicating a larger or smaller
degree of bank then was actually in use would not be eesily noticed. 1in a
comdletely twinned system with separate H.G.U's, driven by independent power
supplies, coentrolling the roll rings of separste CL11s any cross coupling
errors would immediately become apparent. However, in an installation like
the Shackleton's the only immediate soluti n to the problem is to operate only
one system in the DG modc at a time and to retain the other in ‘the slaved mode
as an assurance sgcoinst gross errorse

9. Recommende.ti.ons

Recomnendations es to the most effective operation of the Cii7 system and
as to possible improvements asre considered under four heedings:-

(a) Operation of present system,

(b) The latitude controller,

(¢) The horizon gyro unit, and

(d) The transmission systenm.

9.1. Operation of “resent tem

From the trials results it is spparent that the precision available

from the present G':7 system in the DG mode iz of a hish quality and that the
acouraoy obtainable by operating in this mode compares more than favourably
with that of most magnetic systems. Threc precautions are, however, necessary

to obtain optimum performance from the system:-

(a) . calibration graph must be propered for the latitude
controller end used in all DG operations;

/(B)eee
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(b) . here two systems are available, one should be left in the
slaved mode &t a2ll times to ensure against gross errors resulting
from faulty HeGe.Us operation; and

(e) Continuous turns involving bank angles in excess of 10° for
periods in excess of 4 minutes should be evoided unless some
deterioration of herformence is accevntable.

9.2. Latitude Controller

ilthough, when properly calibrated, the present letitude controller
cen efiectively eliminete carth rate drifts, its maximum compensetion rate of
15,04 /hr. restricts DG operations to the use of grid heading in many situations.
Secause true heading operation is more suitable for many purposes, it would be
desirable if the Gii7 could be operated in DG mode using o true heading reference
over & much larger portion of the earth. The difficulty with the presnet
installation is thet, to fly to a true reference using a directional gyro, a
correction for transvort wander as well as earth rate is required which can be
begond the range of the controller. /n aircraft flying east at 200 knots =t
707¥ would, for cxemple, rquire a combined carth rate and transvort wander
compensation rate of over 24 /hr. to meintein & true heading in DG operation.
.. hether a particular user unit would require this facility or not would depend
on its operational role, but it is certain that the operational flexibility
of users of the Gil?7 wogld be increased if an alternate latitude controller
providing for ebout 30 /hr. of drift compensation were available. If such a
controller were provided with a dual scale, calibrated in both degrees leotitude
and degrees per hour of compensetion, the navigator would be able to set
trunsport rates directly without reference to tables or graphs, and would have
more time to attend %Yo his more important duties. .

9¢3. Horigon Gyro Unit

_The ileGeU« can introduce errors into the system under two Aistinct
sgts of circumstances, either during turns of long duration when its own free
drift produces errors or by losinz rigidity through a faulty powier supply.
Errsra from the first cause are not large and, if datum losses of the order of
0.5 in 8 minutes continuous turning are accepteble then the present installation
is quite adequete. If, however, turning errors of this magnitude are unaccept-
able, the only simple solution that does not introduce other errors of even
greeter magnitude is to replace the present vertical gyro by one of considerably
less fres drift. “he other and more serious problem of oreventing large heading
errors during periods of faulty power supply is one of mors comolexity. The
recommendation of pera. 9.1.(b) provides a method of detecting these errors
where two systems are instclled, but does nothing towards rectifying the
situation. It ney be that the rarity of such occurrences renders them opera-
tionally ccceptsble, but if not, remediel action can take one of two forms; -
either redesizning the vower supnly to ensure that such failures do not occur,
or arrengin;, for sutomatic reversion to a secondary mode when they do.
Engineering investigation would probebly reveal a number of ways in which either
of these goals could be met, such as duplicated power supnlies or automatic
cut outs that function when the enguler velocity of the H.G.U'. rotor falls
below a pre-determined value, but without considerable experience on the
frequency of such occurrences it is impossible to estimate the urgency of such
a modification.

9.4 TIransmission System

‘the performance oi the system could be improved by the use of wulti-
speed synchros to reduce transmission errors. Such a modification would add
little to the accurucy of the system in general navigation or in manoesuvres
carried out on a large soale, but would scrve Lo reduce errors occurring in
‘close~in' tactical manoceuvres. It would not bs required for all outputs, but
would bLe limited to the transmission train between the CL11 itself, the compass
master unit, and the aircreft's ground position computer. ‘'he synchros
presently installed seem guite sdeyuete for other purposes.

,/9-50 X R
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9e5¢ Summery of Recormendations

The following is a summary of recommendations regarding the Gif7
. arising from its tricls in the DG mode at iie & :ielialie

Recommendstion

Celibration of latitude controller

Reteining one system in magnetic
nmode at all times

uvoiding continuous turns of more
than about 4 minutes duretion.

Substituting a new latitude cont-
roller withoprovision for more
than 415.04 /hr. drift compensation.

Wodification of system to avoid
large errors caused by faulty H.G.U.
operation.

Substituting a higher performance
vertical gyro for that in the H.G.U.

Provision of multi-speed synchros
in heading drive to position com-
puters.

RIEFFRENCES

4uthor

Urgency

#ssential for accurate DG
operation.

Highly desirable - Guards agasinst
large undetected errors in event
of HoG.U. malfunction.

. . o
Desirable - urrors of about 0.5
can occur in turns of 8 minse.
duratione.

idvantageous - Improves flexibility
of operation in high latitudes.

Depends on frejuency of occurrence
in operational aircrafte.

Depends on aircraft role, very
advantageous for eircraft whose
role involves extensive
manoeuvringe.

idvantageous, particularly for
'close~in' manosuvring.

Title, etc.

W N - !

7
‘

Sperry Gyroscope Coe Design Specification
NO. D.61..58.

5£eFe1275B Volune 1 Section 11
£ePe1275.. Volume 1 Section 13

CIRCULATION LIST

D.R.A.F.C. 1 Copy
D.A. Nav. T "
2 Copies 1 for Action
1 Copy

c.3 1"
..3 1 "

50 Copies

arnborough 6 Copics
cdford 2 Copies.
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